AbstrAct
IntroductIon
This article deals with the damage survey and analysis of the May 5, 2002 , tornado that struck Happy, Texas, a small town located approximately 30 miles south of Amarillo in the panhandle region. It shows how tornado damage occurs within a storm damage context, which includes the frequency, magnitude, and damage of recent storms. In this case, the storm damage context contributed to how the media exaggerated the event's severity. Additionally, this research emphasizes the danger of mobile homes, considers the viability of tornado intensity forecasts, and explores the use of automobiles as a possible refuge during weak tornadoes.
Storm damage context
Windstorms are not reported merely as isolated, physical events. Rather, the perception of such storms is colored by current events. 1 For example, if a tornado occurs within a larger tornado outbreak, one storm might overshadow another in the media due to the storm's severity. Storm damage context also depends on whether a storm occurs after a prolonged "tornado drought." In this case, the tornado garners much attention, regardless of storm strength. Storm damage context helps explain how the media portrays individual storm events, which, in turn, influences public perception.
Examples of damage in context
The May 1953 tornadoes in San Angelo and Waco, and the April 1979 tornadoes at Vernon and Wichita Falls are examples of tornadoes that were overshadowed by storms occurring on the same day. During the mid-afternoon of May 11, 1953 , a tornado moved east-southeast across the San Angelo Fairgrounds east of the OC Fisher Dam and into the northwest area of San Angelo. Although the tornado primarily affected an area of less than a square mile, the damage to the residential area was extreme. However, the near-F5 tornado (Table 1) in San Angelo that killed 13 people was overshadowed in the media by another violent and destructive tornado in Waco later that same day, which killed almost nine times as many people. 2 Approximately two hours after the San Angelo tornado, an F5 tornado moved through Waco, located approximately halfway between Austin and Dallas on Interstate Highway 35, killing at least 114 people. 3 The 23-mile-long Waco tornado captured headlines around the country. The storm destroyed second and third stories of buildings but often left the lower portion of structures less damaged. While most impacts to downtown businesses were scattered, the very old buildings surrounding the city square suffered major damage. An area of concentrated deaths occurred when the multistory R.T. Dennis Furniture store completely collapsed. 4 It can be argued that the Waco storm continues to overshadow the San Angelo tornado. Memorial markers and a historical plaque are located in downtown Waco but not in San Angelo. 5 Almost 26 years later, a similar pair of tornadoes ripped through small towns in the Texas panhandle. During the mid-afternoon of April 10, 1979 , an F4 tornado devastated extreme southeast Vernon, Texas, located along the intersection of US Highway 183 and US Highway 287, less than 10 miles from the Oklahoma border. It was one of a deadly outbreak of 13 tornadoes that affected the Red River Valley, including Wichita Falls. Of the 11 people who were killed, seven died in automobiles swept from the road. 6 For approximately two-and-one-half hours, Vernon was the top weather story of the day.
But, a new and unusually destructive funnel entered the southwest section of Wichita Falls near the Memorial Stadium that same day. The tornado moved east-northeast and grew to approximately one mile wide upon entering the Faith Village subdivision. The storm contained an unusually wide swath of violent (F4) damage. It flipped cars at the Sikes Mall and became the model for advising the public to stay out of automobiles during tornadoes. Fully 25 of the 42 deaths were automobile-related, with approximately half of all the serious injuries occurring in cars. The tornado continued its eight-mile trail of 
F0
Gale tornado 40 -72 Some damage to chimneys; breaks branches off trees; pushes over shallowrooted trees; damages sign boards.
F1
Moderate tornado 73 -112
The lower limit is the beginning of hurricane wind speed; peels surface off roofs; mobile homes pushed off foundations or overturned; moving autos pushed off roads; attached garages may be destroyed.
F2
Significant tornado 113 -157
Considerable damage. Roofs torn off frame houses; mobile homes demolished; boxcars pushed over; large trees snapped or uprooted; light object missiles generated.
F3
Severe tornado 158 -206 Roof and some walls torn off well-constructed houses; trains overturned; most trees in forest uprooted.
F4
Devastating tornado 207 -260 Well-constructed houses leveled; structures with weak foundations blown off some distance; cars thrown; and large missiles generated.
F5
Incredible tornado 261 -318
Strong frame houses lifted off foundations and carried considerable distances; automobile-sized missiles fly through the air in excess of 100 meters; bark removed from trees; steel-reinforced concrete structures badly damaged.
F6
Inconceivable tornado 319 -379
These winds are very unlikely. The small area of damage they might produce would probably not be recognizable along with the mess produced by F4 and F5 winds that would surround the F6 winds. Missiles, such as cars and refrigerators, would do serious secondary damage that could not be directly identified as F6 damage. If this level ever occurs, evidence for it might only be found in some manner of ground swirl pattern, for it may never be identifiable through engineering studies.
devastation northeast through Wichita Falls to the Sun Valley residential area, leaving approximately 20,000 people homeless. After crossing the Red River, the tornado dissipated north-northeast of Waurika, Oklahoma, 47 miles from where it first began. The storm became the most expensive tornado of its time with 400 million dollars in damage, a dubious honor retained for more than two decades. There had been a lack of tornadoes in the United States. Only 467 tornadoes were logged for the first half of 2002, which was only one-half of the normal expected tornado count. Additionally, 2002 was heading for the lowest mid-year tally of tornadoes since 1988, a year known for few significant tornadoes on the Southern Low Plains. 7 The media was not getting the kind of spring tornado action that makes good news stories. In fact, 2002 featured the latest recorded date for the year's first tornado-related death. The fatality in a mobile home in Illinois on April 21 began the tornado-death count. 8 
Methods
After hearing that a tornado had destroyed Happy, Texas on a national cable news channel, a group from Texas State University entered Happy, Texas during the afternoon following the evening tornado to conduct a ground-based damage survey. Officials at the temporary emergency center granted the team permission to cross the yellow tape into otherwise cordonedoff areas. The primary goals included delineating the damaged area and examining structures to determine the length, width, and maximum F-scale rating of the tornado as it crossed the town. 9 The survey group traversed the affected streets documenting damage, discussing the tornado with local residents, and noting the locations where people died.
results
Media and satellite trucks were not allowed into the main damage area and had to stay behind the yellow tape placed there by law enforcement officials. From this vantage point, media personnel had views with telephoto lenses of a large pile of debris on the southeast side of town that included the remnants of several destroyed mobile homes. Television crews captured close-up video of a collapsed, shack-like structure nearby. These images broadcast around the country gave the impression that Happy, Texas was totally destroyed. In fact, the tornado had affected approximately a five-block area on the southwest side of town and approximately an eight-block area on the southeast side, with damage ranging between F0 and low F2 on the Fujita scale. 10 Arguably, the tornado had immediately affected only one-sixth of the town.
Some of the first tornado damage occurred to the church facility on the west side of town near South Western Avenue. A majority of the roof was torn from its middle. Downwind, aluminum siding was wrapped around telephone poles and tangled in the wires, and boards and other wooden planks were scattered around the western side of town. Some telephone poles were snapped, and a Quonset-style bus barn made of wood and sheet metal was also damaged.
The tornado also impacted an attached residential garage, collapsing it inward from the side wall and downward through broken rafters. On West Main Street, the roofs were ripped off of a couple of residences, and at least one wall covered with brick facing fell over, losing some bricks. The storm continued across the extreme south-central portion of town and into a junkyard, where debris became airborne. The tornado continued to the east-southeast, and a motor home, trucks of varying sizes, and cars were knocked over on their sides. Windshields in that area were blown in, cracked, and smashed by debris.
On the southeast side of town, the tornado tore off a roof from a home and destroyed mobile homes. Near the intersection of South Buntin and Southeast 4th Street, two mobile homes were blown off of their cinder-block foundations and obliterated. This damage earned the storm an F2 rating on the Fujita scale. Unfortunately, an elderly couple died when they opted to stay in their mobile home. Ironically, the storm did not flip an automobile several yards away, and the vehicle showed little missile penetration. (It would have afforded them better shelter than the mobile home.) The roof and walls of a mobile home near Dreier Avenue and Southeast 4th Street were also torn away from an anchored base (the walls had been held in place by straight nailing from below). Debris from these destroyed mobile homes became concentrated in an area just to the west of Highway 27 on the southeast fringe of town.
dIscussIon
A storm chaser recorded a 137 mile-per-hour wind gust during the Happy, Texas tornado. 11 Woodframe residences can be vulnerable during such a windstorm in very specific ways, 12 and homes in Happy were no exception. Roofs are typically held in place by gravity and make easy targets. Roof trusses that did not hold up well during upward force during the storm could have benefited from metal brackets to provide lateral bracing. Also, loss of brick veneer occurs even during a weak tornado when the masonry is improperly attached to the wood-framed wall (i.e., when the brick ties are not engaged into the mortar joints). Such free-standing or unanchored walls then fall outwards with little application of force. Studs straight-nailed to bottom plates can pull out. Perhaps more importantly, manufactured houses that rest on cinder blocks blow away even in a relatively weak storm.
There has been discussion over the last couple of years about safety of mobile homes and the use of cars for shelter and travel during a tornado. 13 Where should people take shelter if they live in a mobile home and a tornado is bearing down on them? There are no laws in Texas requiring such parks to have tornado shelters. Choices include staying put, finding a ditch if possible, and laying low, or going to a car for shelter or to travel to a safer location. History has shown a very real danger associated with staying in a mobile home during a tornado due to the light weight, poor anchoring, and poor construction. Furthermore, ditches become filled with debris during tornadoes and can be prone to flooding when rainfall rates are high. Contrary to current warning recommendations, cars might provide potential shelter for weak tornadoes, essentially the majority of tornadoes, 3 or offer the opportunity to flee to a safer location. In the case of the Happy, Texas storm, the couple might have lived had they crouched under the dashboard of the nearby vehicle instead of staying in their mobile home.
Taking shelter in a car instead of a mobile home may be appropriate for storms rated up to high F1 or low F2 on the Fujita scale. The problem remains that people do not have prior knowledge of a tornado's strength. Logically, there appears to be some utility for tornado intensity forecasts to help guide decision making, if people are willing to listen and stay informed. Although tornado warnings are not fully or officially disseminated by government forecasters at all times, severe-storm forecasts try to predict the potential for weak, strong, or violent tornadoes. But, if there were official tornado intensity forecasts, how accurate would they be, and would the public trust them? What would be public backlash of a strong tornado on a day when the forecast was for weak storms? Such a scenario would likely be worse than the reverse: strong and violent storms forecasted with only weak ones verified. However, people might also disregard tornado warnings when they believe there has been too much "crying wolf." The media often do an excellent job but misrepresented this tornado based upon a slow start to the storm season and a record late incidence of tornado deaths. Inappropriate publicity can be associated with decreases in residential property values. 15 Locations such as Wichita Falls, which survived two truly violent tornadoes over a period of 15 years, may still face personal and economic implications of living in what can be perceived as a dangerous place that far outlast the initial cleanup.
The F2 storm in Happy, Texas damaged approximately 20 structures and killed two people in a mobile home. Not surprisingly, 58 percent of all 2002 tornado deaths, fully 32 out of 55, were due to storm interactions with manufactured housing. 16 But, people can survive these severe storms if they maintain situational awareness. This means paying attention to the weather when warm southerly winds bring increased humidity during tornado seasons. They should also heed warnings from media outlets, such as staying out of mobile homes during tornadoes. Future research on the dangers and advantages of using automobiles for shelter or travel to safer places during storms of varying intensities appears warranted. Additionally, working to improve intensity forecasts appears justifiable, as does the public dissemination of information.
